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The research reported in this paper was directed toward the develoljent of

comutstionaily fiasible methods for obtaining avar xinatils to the solutions of

certain job-lot scaeduling problems.

(i~naar program.'.-tng is ~3efzr domsri-bing an'd solivng; Vrrt~air. pr3:1'uc'ion

planrning and rrogram-4mg problems. but its usefulness i-s limited to situtitons

wherein the assumption that production quantities are completely divisible is not

toc strongly contrary to reality. In particular, if there art -ubst.j,tia1 :,rtuo

time reqllirenents associated wttli the production activities, .hen linear ;=ozrawminr

does not seen applicable; we wish to consider such situations, in Ahich the pro-

duction orders or jobs are processed under the followinv co•witions.

i. Each product has a required sequence of oDer~tioi-s which nust be • erfor-ed

by certain machtr.Gs (or by certain type:- of machine).

2. jertainr production orders are required to be orocessed as ýob-lotr,; n_

machine can work or. two lots at one time. and no lot can be on two

machizes at one tine.

3. There is a substantial ,xpenbe and/or tine-loss associated with settirg

up a machine to perfarm a givan operation. so that "splitting" job-lots

is expensive (we shall actually permit no lot-snlittina in the Darticular

types of problems to be considered below).

It seems very unlikely that exact analytic -methods for sol rinz nroblens nf

scheduling under such conditions will be developed in the near future, ane even less

likely that a computationally feasible method Will be o--tained. unh a ?,ethlo-d

would have to select the best emorng all possible Droeraaes -with all possible lot

sizes and lot-splittirgs). wit.h res_.ct to some "objective function- or "cptinizer."

This optimizer. for the exactness of the solution to have any -*eaninR, woull have

to include zeasuresof all costs and profit.--somehow takine into account the in-

tangibles like "customer good will." Thus, even the construction of a suitable

optimizer is a formidable problem.

In these notes- therefore, we restrict nlrseel-es to lenu gsnrsal T-u6bis. '"o
analytic solutions tnave bee, obt'aied for these problens (except in a few very

special cases), hut it is felt that the metwods presented below will be useful.

Section I zrovides a detailed description of the two problers considered in

this paper. The problems are intended to be illustrative of two types' of job-lot
production situations. which present different goals for detailed scheduling,
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Section 2 Is smrar-y of tUhr research on titese proble rs, and a bxr.ief outline

of a scheduling method.

Section 3 provides a detailed description of the schedulirng method introOucet

in 3ection 2.

Sention hi in concernned with s~n~amt problems to wa~t~h the antha.r M... &11L

priority function methods. Certain conventional scheduling procedures have becn

applied to the sane sample oroblems. The different sets of res-ults are. oreserted

for purpnses of comparison.

Possible modifications of the method of Section 3 are dtsczssed in 'scttor S.

In addition, suggeiticns for the operational. use of pr.orit; ','unction mei,.ods and

suggeivtions fL' further research are presented.

S.TCTIOI" 1

Two types of job-lot production scheduling problirs will. e considered in the

following sections. Section IA describes a manufacturir. Frocers in wt.ich certair

orders are to be processed. with n, concern for the completion-tines of irdiridual

orders. This is representative of a production systes- in which customer orders

are filled fron a stockpile oa finished products. or where sub-proceszirg ,tits

produce an inventory of parts for subsequent proiuction operations or asse-bly.

The goals of detailed scheduling in applications of this type may include recuctlon

of overtime, reduction of sub-contracting. reduction o1 l--bor force. increasea

machine utilization, increased production capacity for a riven tine perio-d. etc.

(in any case, the ultimate puarpose of detailed sche- Jing is to pr.'ovide management

with as efficient a plan as possible for producing a ziven bill of goods). Vor

definiteness, we shall assume in Problem IA that an efficient xr-oduction schedule

is one with high machdne tool utilization; i.e., the woal of the detailed sctheul-

ing in Problem IA will be to make average machine utilization as high as possiole

(in our specific usage of "machine utilization," this is equivalent to minimizing

overall production time),

Section lB will be corcerned with job-lot Production systems wherein the due-

dates of individual production orders are of importance. Th•is is typical of Job

shops which produce directly to customer orders, and of oroduction departzents

which produce for an intra-firn assembly schedules. In systems of this ty.te,

detailed scheduling procedurs -ho'flr4 b- designed so that insofar as possible,
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production schedules vill attan the individual pr'ducton ordersl due-date-,

Problem IB will thus be concerned with scheduling a bill of -oods through the

pro ýxctlon ProCeC8 so as to "bastu 3atisfy a set of fte-dates for the in~ivLd~al

production orders. We *Lall not precisely define the ord Obest. but shall

generaely tk tryvi-n to RIF-ld the =__ i e--u •ta wss or sone other si-ile

functicin of the differmevea betaasef-r a"tinal conplet-ion-tfrAs =4 d -da.tea.

Problems A and IB are closelr rlata&d. an vwil be indicated in more detail
below.

,here are. of course. many factors vxich could corplicate the problems cn-

sidered here. For exwmole. the setUp costs Ur times at. each worK center coulo be a

function of the order of processirig the jobs thro-.Ai that center. costs coUl be

attathd to -he extra setups redulting frtum spli'tlnx lots, etc. ¶'h1=01 nwt.-

report does not consider such exteandtd ProbIML,

Descriptien of the .bess.

.he detailed Job-lot productaon scheduling sit-.ation as zornddered here !s the

following- There are certavi production -rders (Job-lots) to be scheduled t-hrouch

a plant containing certain machine zooI.3 (work centers). -ach lot .wet be r-ocessed

by certain machie tools in a certain techmolozical order (routing), and for each

lot there is a given epecteýd Processing time (standard tiUe for the lot) on eac.

machim too! needed fur its proce.£ing.

A detailed pro• ction I !-roblm is one of assi••iins the given 4 ob-lots

to the machine tools in such a way as to best satisfy su~e goal Onwh as wxmm

machine utiliuati.on) subject to the above restrictions, which we vu. restate moe

fully.

(I) !Ve lot may be procossed b7 more than one machine tool at one tiLe.

(2) No machine tool •,y pcess more than one lot at one time.

(3) The lots must be processed by the req-,,,-'? +%*+r.bine tools, each for the

correspond•zw expected pro-essixw tines, and in the requdred technolo-

glcal orderings.

(f} A lot wu_ be pr-ce•--i as a -it• i.e., owce st••d by a mach-•e tool,

its processing by that, tool zust be finished without delay, and the lot

Orly becmems available: for the next operation in its required qsýcence

after its proceasing has been completed by the present tool.

We shall consider the problem of lot size determination as separate from the problca

of scladuling. Spe.cij.cally, we assume that the lot size of each production order

is given, and (following require-ent h, above) that no lot-splitting is mermitted.

We also consider the routines to be unique.
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Problem.

To schedule a given set of production lots so as to maximize ave.age machine

itiliizatinn (AMU), delined by

Tota•l •es1n" tima
(1) AU - Total processing time plus

total idle time before the
last required job-lot Is
completed

DJ scussion.

Let the production lots be designed by the integers 1, 2, . .. m arn the
machine !,ols be designated by the integers I, 2, . . . , n . Let aii be the

setup plus processing time for lot i on machine J ( aij - 0 if the processing

of lot i does not require machine j ), and let T be the total time required

by a given schedule W.1l the completion of the last of the required job-lots:

m n

(la) ARMI - Jl ai

nT

The best possible value of the A'- .L I dcpend upon the relatton between the

machine tools available and the work required, and in a less direct way upon the

other characteristics of the particular scheduling situation. If there are three

machines, for example, and a bill of goods creates demand for only one machine,

then the madimum possible A14U would b. 1/3. This suggests that same other difini-

tion of A14U might for many purposes be more meaningful. However, we shall not

ploi-. t•his question here.

It will be observed that iiaximization of the A"U, as defined above, is equiva-

lent o minimization of the total time vuntil the completion of the !l-it of the job-

lots to be scheduled, and hence is equivalent to minimizing the maximuw ccnuletion-

time of the various production lots. This can be stated artificially as a due-date

problem as followas Assign to each lot the starting time of the entire schedule

as a ndue-date," and schedule to minimize the maximum tardiness. Wowever. the

due-date problem and the present problem seem to have substantially different



characteristics in actual compuration; the exact, cause of this difference 4s not

yet clear, but it justifies our continuing to conside!r tie two problems separately,

at least for the time being.

upposs there are two jobs to be processed on aw, machine tools with cneration

times as fnolows:

?Iach. 1 Mach. 2

Job 1I

Job 2 9 7

Suppose the technological restrictions for each job are that each job must b•

procs.sed on M1  befr-- its processing may 'be on N2

Job 1: Machine 1 < !!achine 2

Jcb 2: Pachine 1 < Machine 2

For t-:-s small problem there are only Tou-r possible deta-1 schedules, the two

best o. which are shown below in Gantt chart form:

Schedule 1

( ' Y¶.a = 21
H1  J~2 21

*I 1 -t I ,- 20 A J')5 2-
: To- -2.5

___)_•-- - .- J2 (7) =,2

Schedule 2

J2 (9) ij ( ) '7 •Zaij

4M2 -"T --'.- 2  -17 21

---- i-- n -

For this problem the best possible A14U is .618. The second best schedule

gives an AMU of .525 or only 35 percent of the best possible.
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1B - DYUE DAT, PRoBLFY4

We consider now another type of problem wherein there is associated with each

production lot a certain due-date.

Problem.

To schedule a given set of production lots so as to maximize some giver, function

of the differences between actual completion times and due-dates for the various

production lots.

Discussion.

The exact form of the functic. , the differences between actual completion

times and due-dates will depend upon the particular apolication studied. In general,

there are certain incremental costs associated with compl-iting production before or

after its due-date. These may include inventory charges, cost of assemlling out of

order, cost of holding other parts, loss of customer roodwill, etc. In n particular

situation these cost elements might giv- rise to a cost function on the following

type:
"s Z' \•iXi is +i XLis

where ei is the incremental cost of producing one unit of commodity i one time
unit ahead of its due date, xi is the number of units of the commodity in the

production lot, AE is the nmnber of units of time that the comDletton of' lot iis"

precedes its due date in a schedule s , so ei xi A expres-es the incremental

cost incurred by early production of lot i . 'imilarly, l x AL is thei is h

incrementFl cost of late nroduction of lot i (for a given lot i , either

AL - 0 or A "E . 0 or both).
is is

The function C defined above is linear in A and L i ga is is * ngnrl h

costsof shifts in earliness or lateness might depend upon the degree of earliness

or lateness, so that non-line-r functions of the A's might arise; in fact, the
costs associated with different job-lots might not even be separable. hlowever, we
are not primarily Interested in the exact forms of these cost functions at present,

the main purpose of this discussion being to suggest general properties relevant

to the comparison of alternative production schedules.
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In the sequel, we shall be concerned principally with cases in whicn penalties

are associated only with lateness.

Example.

Suppose there are two job-lots to be processed on two machine tools wT;th

opeTLat-uui tioe requirweentz and duia-datea as follows:

Mach. 1 Mach. 2

Job 1 4 1 1 ~ue-dat 61
-i

Job 2 7 )ue-dat - 181

The technological orderings are:

Job 1: Machine I< Machine 2

Job 2- Machine 1 < Machine 2

This is the same problem which was used to illustrate machine utilization in

Section 1A, except that due dates are nnw given. Tf carliness i3 not costly, then

the best schedule trill be among the four accor'inp to which a machine is idle only

when io uork is available-

Schedule I
ml Jl - Jh '2 ( ' ." '" . Completion Time Job I:

Jl. Completion Time Job 2: 20
A J"" " - (7)

AMU-.525

Schedule 2
T- -- Completien Time Job 1: 17r'z J2 (•)I'5.- (h')i ; .-- "- I

.1 2_ Completion 'Time Job 2r 16(7) j; - l-- AMU-.6181 ,, : -/--...//.-, J2 - 7 (1)

Schedule 3
) 'Comqpleton Tohea Job 1: 21

3,'-l (-i// " - --' Completion Time Job 2: 20

142 !." -"'" ." ./' -;., J - (7) Ilj AITU ' .500
-2 •1)-



ScheduleS d L 
. Ccmpletion Time Job 1: 111

,' 7 7 Completion Tine job 2: 21

"M 2 -' 1' - -

It is clear that none of the schedules satisfies the xrequirament that each lob

be completed on time. If there are costs l1SI - T1 and 12X2 = L2 associated

with late completion of job-lots 1 and 2, the total cost due to deviations from due

dates for the four alternative schedules are:

2 L2, 11 L1

15 1l + 2L 2 ,

and 8LI,

respectively. It is possible that eithier Schedule 1 or 2 be 'he rost

desirable, depend;ing upon the coefficients. Uco4ever, if the costq are reasnonably

homogeneous (as may be expected in practice) Schedule I will be best.

Summary.

Twc simplified scheduling problems have been presented, the first concerned

with maximization of machine tool utilization, the second concerned with attainment

of pre-,assigned due dates, and they have been solved by enureration of all possible

detail schedules.

Up to this point the concepts of machine utilization and due date satisfaction

have been treated as separate, in order to ewphasize two points of viev. "axi-

mum machine utilisation has been used in representing a situation where it is

desired only to schedule production so as to produce the required amounts as

quickly as possible. Due date attainment has been used as a goal to represent a

situation where it is desired to schedule production in suzh a way that individual

job lots are completed at or close to specified times.

! must bu reurogrdzed Uiat in --ust aiiiat£o, is desired to sch;;nle sc

as to achieve a goal dependent upon intangibles as well as tangibles, and that even

the precise statement of the objective scheduling is seemii -ly impossible. vovever,

it appears that many real problems can reasonably be viewed as lying "between' the

two extremes that have been discussed so that methods effective for these problems

are a first step toward methods of comparatively wide arzlicability.



The developrerxt of a detailed produrtion schedule may 1-e thought, of as consist-

in~g of repeatedl;y ar=-cring t:=_ quesU,-ai1 *-. .ci: Job-lnt shouli be processed next

~r. -_Us machtne tool?' Any effective Yseans for wiswering this question. wh:ether by

a dispptcher or foreman all the shop floor or by a hiigh speed elec-.rorlic canuuter.

must atilize certain L-for-mation. Co .neuently. thxe f 3-t step in this re-search

was to try to list all facto-rs Wt-LiCh seen to be 'fbanic importance in makirc, mtc-md

decisi ons regar tin- . ob,-l.ot assig--;enio':

I. AvaiLlability of the .1cb-lots for processing.

2. vinaj. due datA of each job-lot.

3. urrent ~rT-ocmAinc,a t4fr C-ir mane inl-i-nt..

,ub~sequent processing time f each job-lot.

5. vxpecte snbsequer~t delayc; that each job-lot vi-? ercounter

duo--inL the producti2or. =Orcess.

~enar as .

t1 decision to process next on a 7tackine tola 1.ob wlhich, is not yet

available for that machine t4~will often resuLt tind-;lemzPchine 'inse

vth-ch m.ay offset the advantages which sugmested týhe decision. 7-nsos

availabilit'? Is of basic importance.

(2) The final due date is the timee at whiah the job-lat is liesiz-ed for

subsequen~t process-Ing. for inventory, for curtow-er dist bation. etc.

it is apparent thakt these _due dates shoulf ula7 an irnmort~ant role -.,,

icl_ assiggrwents.

(3) By 9 currer~t process-lir tdre" is- noeart th~e expecte'A (staniar•-) spera'tion

tizc r-eq,=rel1 to vrscesa the ja"oh-lot through the machine tool to wrhith

it is Deing assigned. Special cornsideo-ation far t;h-is factcýr is stmeested

because the assigrsont of iobs requirinig considerable -,ncessinL- tizae

nav bloci the iorcer st m - urgent Jobs reouiri-iung ttms% on. t~he a-e

machine tool.

0)By "eubsequei.t processing tire"' is neant the exaecled orps-ratirýP tine for

the ¶ýob on all machine tools on which it must be prfocesse-ý,. followine

the it.acliine tool for whi~ch a decision is being made. '!,is factor ooie

a measure of the relative TrTogress of the var'ious j,-osarid is of'

obvious -mrporl ance.
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(5) By expected subsequent delays is meant the delays that the Job is ex-

pected to encounter durine the remainder of its processIng. Thi.3 15 the

least tangible of the factors to be considered, but one which may have

a considerable effect on the decisions.

Ile next attempt to develop a logical decision-making procedure which will take

into account the factors listed above. In order to facilitate ircussisn, we will

adopt the following notation:
renote due dates by D

" current processing times by 0

"subsequent processing tVnes by 1

"expected delays by P .

Consider now a situation where a decision is to be made as to wlIc l inh--lnt

be .... assigned to a specfJ.c inanchine tool. "t w Ulzl] ,rne t•hat the ma-Ine

Tool has just completed a job-lot and is available. for a nit assigrnent. ror the

moment we will postpone consideration of jib-lots that are to be processeA on the

machine tool but which are not yet availaLle. This omission will not often resu,!t

in lirge deviatiow. fron tha optimim, except 4hen lon- --un- o) ite-.s of wicely

varying urgencies are to be scheduled on machines whose capacity exceEds a olant's

current needs.

For each of the available jobs the final due dale (D), the current oer~t-:r

time (O), and tUe subaequent processing tine (0) can be vot Iron the -anufacturirz

outline accompanying the work.

The manufacturing outline may also include intor-.ation a• to standard flow

times based on historical experience of the plant. q'uch data ndeht be useful to

estimate the eapectsd delay factor (R) which is to be consider-eI in makina deci-

sions; but standard flow times reflect avera-e shot' conditions. rather than eiving

a measure of expected delays in view of the existinp' -hoD load. Werce we shall

not use these data, but will suggest in Section 3 another way in which expected

delays night be obtained.

If we denote by to the time at wbtch the job asvigrmert is to be nade, we

may represent graphically the information available from the man•lacturing outline

for each of the available jcbs2
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-lob k

o 0 t ok ai -Ck- kT

Toime --t

t - Current, tirm
0

r) - Itandard praess2anp t-Ime on curre.r 'nT~ratiAon

S - ýt~andardi procesrin, tl--e on all su~cc-eding oLoerations

TD - Final due date

:J?. shac~ed area of thi graph r e-ment-s Cae tine availa)ý.le h~efore 'he fin~al

cue-dat3. wflicr. -will not be requi~re~ f~r processing of the I>t (ie. F.

measare of the delays v-b-cn, the tiven lot -iry en,=nirtetr as it rr-jg-er.ee

the --emir~iniz part of its -rocessi:r.g and still' be cocvleted by --he Dre-assiim-ed

fi.r.a.. due date). Thi-s ti~ns A-1 '--e czalled 'he "slacl`. -rom the grarh we qee that

the ilack is x:v-nZ ty-

k o kto k

in order to +.k Vie =.known "Ielav fact. r ino rccount. 'e -nav etni the

graph to incl-ade an allowance for delays that the ~oý'-Iot mav be exmiected to

encounter as it progresses thro3ugh the rem.ai~ner of its processing ,e-oucence. These

delays nay :-esult fra. -:he feloil causes (e~~uiedelays iusdheeo

not imclude those due to msachine --c---tir-e):

1. relays due to wurk already ass-med. tn nachine to6n s -then the z~cbo

arrives at th.mi.

2. -leiays due to -.taiting for thne processing of sojbs with hir~her nriority.

Job k

-k expected delays
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Consideration of the 'a×pected delay fac'nr 1, sug-ests arct-her defin-14isr

of '"slack"

6 "Dk -to 'k - Ik

Tn order Is zt,,Zy the -_ffe!!_2 !f inh a ianrent dlec siors on +"- sic'-, t l 'e

at•. tuhvit a parti-.alar :^o J from. ar-g t .-_ 1- asair.et t.÷- a

given machine at time t° ai/ investigate the results of such assizrrent.

(1) Job .J will not be delayed at the w.a'hine; thsre wall be no re,5;cticr

in its slack.

(2) rach of the other available johs w1il be delaved at maoirne a ti-e

equal to Oj ; the slac'k of each such jo-_ flI be decr- asey ,r,. nt.its.

(3) The slack of each job which will become available at a tine " ̀k

( o - -k*- --

(,) The dec 4 ison will have no irmediate effect on fobs w•ich 4ill ro,- become

available for nachine M before t 0 the -a for !rch •oas will

remain unchanged.

The immediate effects of a specifiz decision may thus be neast-re.; by rl). (?'.

(3), and (h). in particular, the results may be ýrearize! as follI's:

1. No delay will be incurred on the assined

2. A ielay equal to maxintum F . - (+ k - t) 0 ii be incurred for each

other job k .

We refer to these delav-s as the "direct effect-' of a decision. _ze ad8ective

is needed because each decision that is made to assizr. a soec'ific job-"ot to a

machine tool will not only delay thE' other job-lots currently at or aprreacling the

machine tool, but uril! also have effect3 throughout the ranain,4er :,f the pro-'c+iom

schedule. No useful vnethod has been discovere.' for taldrR intc account such in-

direct effects of job assigmients in this decision making, process (for an exA'cle

of reS.-aach in the cc "inatorial analysis of pr:-duction scheduling, see Management

Sciences research repo':.t To, 35 "Notes on qcme Scheduling Pro"blens," by Ja.es %*

Jackson). Thus the -ork reported here is 'oncerred with using infoir.a-tion available

in practical situations. and considering the "direct effects" of decisions. in

order to develop approximating. methods.



-e n-ave see!r. t.r.at - ht c :2_aek as6 Prexdcusl-y def-ned 4is a -eaur= o- f Th e

urasi~e~t--e .tr t.he fredo rfr t.,e partliCu'2or $o.TaC -f-n

jost ril1 decrease each tiLne the job is delaye,-d. '"e have seen that theErt

efi'ectz of ass:ý-gnng a Toarticullar jot 'to a macnine t.ool as-s htave i-ý s ':Mu-

-rr~s:ad -.M decresse thie s2lak oil eaoft job th!at isdeae trSu

obsevatonserphesite thtnte slacŽ: 'tires are not- static nuanti-ties *-t are-St

tv.- 0t-cjrnuous ch~anre. As a t4ýb zs delayedý 'ore and rore-. due ;c'L other $.obs

Dein- given ;riorit~y ove-ýr -tt, its3 !;ack will continue t-o 3ecrsarie.

I~aw we s'zeevt the, fc!Lc-winr ru~te for-- usee in job-lot iehet-Iuinr- when i- -is

tOenIrv '- ratt'14--. final due 'rs

Jbenever a wmLxi-rhIe t 'a eoz-zies vIlable. -1~cn+11~et lc

!rr rawte'.-ra Ta Omw atr -roressins on the c-h-ine.

aani-lahle t7 mitze

e w- ~ -z- -- ' 7 t-e t. r -- ac n ~~,a---
0 3j

ýr-th this rifle. 3et~ailed si~geestions for use of 'thisF rriori t rT Tun!-c2 '-n are ciVen

In Sectjor --

I-t ii importaxnt ic note hiere that this or~ivfarotfn is h-r no: means tIhe

CT: ue of e -zob-or. -.cvwerer. f s en t ir o
irtia: develoirent :'(-r the fofla-tn- reasons.

'I I-t is a a4-tle andl reasor~abe -function whizhib esl conciutet.

'2) vacn decision is- based or. thie current status of -he -varIo -!b-1io.

()At ar4 tinme Iiar'-.ng -be scheduling pr'ero4 n,ýv owo-;uCtizn ot-erF or

car~celled -rdemrs may be t.aýen into account me-re17livh additn or icilera Tir

the necess~ary2 a;

~t'The uroiyf-nction involv7es the flsotors witch were l-isted,- at ttie.

beginning of thi-s -section.

The attenot to esti-mate --he dela.y i>Žctor 11. in tas pri-ority functi4on 'Whic1-

is the orly-cfac!tor that is not. known, beflre any scheduling cxmences)ý 2eads to an

iteraiwe etho forapplin., the fcriulmx; and we ray hope that this -,ooe-,ure will

lead -. to seful estimataes of the delay fac-tor. This F rocedur-e -4iii be described in

detail in Ozcotion 3
Thetririy Afunctionr may be easily reiet1--: s-nerly v 'ia ;tededt

f actor D.,to apply to the machine uti~i zatiq-n ~reprolblem iesr-ribed in r-ection U.
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Computational Procedure. In this section we present a prTocedure for manual schedul-

ing computations using the priority function method described in Section 2. rome

of the alternative procedures which. should he subjected to further 9tudy w'-l1 he

discussed at the end of the paper. llarever. the procedures considered would reon'r-

relatively minor changes in tha computational steps.

"The comoutation is iterative; i.e., a schedule is develoned usinre the orioritv

function, then information given by the first schedule is used to develop a new

schedule, information from the first twc schedules is r-ed to develop a third, etc.

The major steps for the computations are:

1. V-ke a table of jnb-lnt data.

2. Development of the initial schedule.

A. Priority table.

B. Construction of schedule.

3. Iteration.

A. Delay table.

B. Priority table.

C. Construction of schedule.

I. Job-Lot Data Table. The job-lot table is a systematic tabulation of ihe nerti-

nent data for each of the job-lots to be scheduled. All of the inforriation in this

table would come from the manufacturing outlines for the jobs.

Job-Lot DatR Table

-- ...... .- -- - -eady

i Job-Lot flue Date 'Standard operation Times; Time Routing

I , I .1

I I I 'it

IL



The job-Ict column contains the coded Iob-lct identification number.

The due-da+e colunn contains the +-iy at which the final operation on the ioh-lot

should be comuleted.

The standard op'ration tines colrua.s contain the standard processinz li:ies (inolu,'-

inr Letup arid run time) for the iob-iot ax ea;ch operation li_-ted in ta-chrolovinal

order.

The rea'-.- ttie c,,lunn contains the coded time at which the jo'-lot will be ready

for processing on its first operation.

The routing columns contain the coded machine numbers listed in tech olovicel or-rer.

2 A. Priority Table. The priorit-y table iF a listini of the nrioritv, as cynruted

from the nriority function, for each jnh-]ot at each of it! oncrations.

The R.. tern represents the e:.Pected .ielavs durinL subsequent proces-in-. In

_uiniuuLing the initial schedule since no inforration is available for estinaline

these delays, we seT i i . 0 . The 11ij P-en" will be non-zero in ccnoutinz priori-

ties for iterative steps later in ihe computations, and other initial e-tina+es

than zero will be considered below.

23. Construction of qchedule. This step consists of usine the Job-lot data table

and the priority table in order to construct a schedule baseO on the rule whereby

one alwa'rs assigns a job-lot, from among these available, with the snalle-t priori+y

nuimber (we recall that from the definition of priority number in Secticn 2. the

smallest priority numl-er representathe job-lot -!ith the "hi'hest" priorit7'.

Graphically, the schedule weould be developed in a Iantt t.ye chart .;inilar to the

one below:

Can ri.t hart

Machine Number Time -4

2 Co4e nimbens of jobLlotd

S 3 asjigned td nachinei too:Es.

__.. . . . ... . ..- ... - __-_ - -•---------,---------
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Steps 1, 2A, 2TI conclude the develorment of ar. initial schedule. -he schedule

which has been constructed is now used to estimate the delays which the Job-].Lts

can be expected to meet due to the interference of competin- job-lots.

Friority Table

.- Operationi . . ..

[Job-Lot -!' 2 3 l 3
SI , I

2 Pri~ritM numbers

3 computedl froM

- -- . .riri-ý fundtion•.

A priority number Pij for job--lot i at its J-th operation 1i cmaDuted

as followsi

P. = rD.i - 0ij - qij

where:

Di is the due date for job-lot i

0ij is the standard operation time for job-lot i on its J-th operation.

9 j is the sum of the standard operation tines for job-lot i on all

operations followi.ng the j-th operation.

lie recall that the priority function given in Section 2 -vas.

i ij f- 0ij - Ri ]

The term t represents the time of the scheduline decision. 'I;nce. at any

given time, t° is the sene for all available jobsý its oresence merely adds the
0

same constant to all priority numbers, so it can be omitted without changing the

relative priorities of competing job-lots.
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3A. Delay Table. The delay table for the firs•t itiwation is a tabulation of the

delays which each job-lot experienced at each operat.eon in the initial schedule.

Delay Table

> O .erati n- - | I , -

- ... 2 -j --3... . .:Job-Lot-

2i

3 Detays Vrom i

±in~itial sohbdutld, ,

* j

The delay table entries rij for the j-th operation on lot i are the

number of time units that job-lot i had to wait in the initial. schedule between

the time it was available for the J-th operation and the time the operation was

actually started. These are obtained by counting the nwvber of tine units in the

Gantt chart of Step 2B between the completion of the (J-1) -st operation on Job-lot

i and the start of the J- bh operation.

3B. Priority Table. The priority table for the first iteration is identical to

the oriqinal priority table, except that the priority nunbers are co"outed by

the formula:
P ij i j Sij - Ri i .1

which takes into account the delay informetion from 3A. The delay factor Ri.

is Lhe sum of the rij from the delay table for all operations following the j-th

operation.

3C. Construction of a Schedule. The construction of the schedule on a Oantt chart

using the new priority table and the job-lot data table is identical to the con-

struction of the initial schedule.
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Turther Iterations. The comvutations for furtl- it-ra+io5 ,.ould follow the same

steps as those siven for the first it-r:ation escept that the delay infrnwtl+or. would

be based on any or all of the schedules alreaey constructed, rather tI.an Ilust on the

initial schvule. Vor instance, the actual delays of the precedine scheAule YRight

always be used.

rxam'ple.

In order to illustrate the steps I throuoh b, we will compute a sall-scale

problem. Ie will suppose that the data from the manufacturing ontlines for five

job-lots to be scheduled have been transferred to the followinq job-lot data tablet

Job-Lot Data Table

Job-Lo? ju ua'e ' anmara OperaRioa T Ready urne Routing

- -
21L 5 ~~ 2 7 l 0 1 2 113

3 50 10 2 .2 11 3

45 31 0 3 2 1 1.

5 O 5 4 9; 0 ~3 1.2

The priority numbers are next computed for each of the sixteen operations.

For example, the nriority for the firs"t operation on Job-'rt 1 is

Pij 1) 1 Dj- j - Sij 1 ! 4 3 - 11 - (6+1) ] - 25. The priority table

givirg the results of these sixteen computations is given belowt
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•riority Table

>.qp~ratiol _____ ___-

Job-Lot First lecond Third Vourth

1 255 36 37

2 30 35 37 Utj

3 2h 3'j L2

h 21 2h 30

5 22 27 31

I- is conveiaite to add the priority tuble to the, right aide of the Job-lot

data table for ready reference.

We are nov re,&4 to conntruct the initial schedult, in Gantt chart fa-. The

blank Gantt zhart for the three machines is drawn with zit tine interyvls:

Machine 0 5 U0 15 20 25

2

30 35 4o 45 50

(The time uni ts are the same as the standard operation tix-e units)

The scheduling rule i3s To assigr zo an available machine that one of the

available jobs having the smallest priority maber, so the mechanics of construc-

ing the schedule on the Gantt chart from t-he job-lot data and priority tables are

as followas

1. Itarting a, time t - 0 . see which jobs are available f-r each -arhine

tool that i.ý not loaded. Look at the priority nunberr and choose for each

machine tool to be loaded, the job -,nth lover# •-riority rumber.
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indic te *hA as igrsnents :.. tt-a Oantt c'iart b., fillin_ ir I'_- each machine

teing loaded the assigned jrb-lot nsbers, fo' as -am'v time units as the

standard operation time for the joi-.Lot on the nachine.

. f. fter all possible assigm.ents have been made proceed in time until cne or

more of the operations has been completed or until a job-lot be-ewles

available for ar unassigned machine. rross out the data and wricrity

nwmber for ccmpleted operations and then a asign job-lots to the available

nachines just as before.

C. (ontinue in time until all operations ha're been comoloted.

In the sample problem. all three machines are available for wor* at time = 0

For machine 1, job-lots 1 and 2 are available because they both have a ready time

of t " 0 , and both go to machine 1 first as indicated by the routing. Ite Wiori-

ty number for jcb-lot 1 on machine I is 25, for job-lot 2 it is 3O. Thus. job-lot

I is assigned to maohine 1 at time t = 0 . The operation time is 11 units so a

number I is filled in for the first 11 time units on machine I in the Gantt chart.

For machine 2, there is nothing available at t - 0 so ro as. n carn be -adr-.

(Although job--'LTA 2 goes to machine 2 first. its ready time is t 2). 7.,

ruichine 3, Jobalot_ b and 5 are available. Job-lot . has Vhe lower •iority number

and in assigned at t - 0 for 3 time units.

These initial assigruments as well as all succeeding assigrments are given on

the followin! completed Gantt chart.

InItAi. Schedule - G3antt Nihart

time --
?4achine 0 5 10 15 20

2
3_ --- 4 --- ----- _

2 3 2
S2 11: / " '/

-, -- ,- ------- ,--,7
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7he delay talp f)nmr'ed .: measurin-, the delays ir tbe initial scshwule iS

given bbv

Delay Table

-.0peratioc Z 7L J
1 0 2.8 0

3 0 23 "

2

S 3 3 3

A nY pririty table is now computed fr the first iterat, on. the priorities,
are iww camipated. by P~ 1 where is the m f tte delay

table e•-tres fur• operat•ons succeeding the j-t om Job-lot i .Por v"mnle. thLe

n- iorit7 of job-lot 1 on its first opera-ti is T 
2
, - 12 - (6+1) - =k• 1 -

7 The e.,mplete new T-iority table is:

Op -ralam~
- First -ecow Thir-d

job-Lot ~-~____

17 36

2 9 20 -L

1 0 22

5 3"
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The Gantt chrt for the first iteration isin the same zrocdrxre as before

with the nsu priority numbers is a.s follow-,-

First Iterati zn - Gantt .hart

time -.

1 1 1 2 5 _ ,
2 3 - . 2 .

3 3i -

25 30 5 40 4550
2

---- - - --- --------

- - -.-
, y --.*-•.-- 1- 3 2,

Further iterations would follow the same steps. This oroblem has been used

merely to illustrate the computational procedure, and we will not ana,.yze the resruk]a.

In the next section two larger problems which have been used for preliminary research

will be discussed and analyzed.

This section includes some of the research ctmputati mns performed for two

synthetic problems. The two particular problems were chosen because they offered

an opportunity to exaluate the results of the priority function seheduling. The

first probltn. taken frcm Alf'-d and Bangs Handbook (p. 119). has 1 jozs w] -

machines, and is concerned uith machine utilization. It was chosen as a research

problem for priority function scheduling because the schedule so obtained could be

compared with that given in the handbook. The second probler. with 17 job-lots and

6 machine~s. was spz:ially constructed so that an optimum solution was known, so

that the pricrity function re.lts can be ccm,-,-ed with an exact olu.tion.. 7%^

second problem will be discussed both as a machine-•A!i.ation tyce Troblem and as

a due-date type problem.



Prob! v 1. A nachine u ri-.atioan syntlketic toy pr~ble.i.

Jeb-tlot Data 'Table

IYbLo tandzd operationi Tizvs -- I. ",outing

A ~2 3 3 3 3 2 3*

B 2 3 3 0 1L 2 3' *

*C 4 2k 21.

* 4 :ý 22

PY-iority Table

S t eci Third Fourth vim~ qizth OAW~zh vloth

A Ifs ~12 9 3

B6

'22 ?0if ~
F .15 U 11*

(Notei Since this is a uiichine utilization poblem, the due dates ae caitted

fin the Priority calcuk-tions; this ar.-unt- to reoflad ing al! due-date-! by zri

The pri-ority nimberý becm- P -. cý * Sj and U Firt

ren-isernv the highest priority. This is tr-ue because, iT tb* 0

min -~ M!i. ' -i -- t- 1



Gantt Chart - Initial Ochedule
machine 0 20

2 II__ ... -"

S____
3 !-- -- i-... j c 1<-<A B .. "

--6•_ "'~ ' / / ". ''' . . _ , __-- -- -- ---_-_ -r-

S... ..8 . .. . _.. /._ ,_ , / , f. L./ , .,. 'iL. / , //, ',,/ ,, , '

Delay Table

eod Third iFourthl Fifth ]

Job-Lot Second i___

A lo0S o!1: oi 5 01 "i

B12

a , o "o t
D 0

o 2 0 0o o0

F o 1 2 0 2 1

New Prlori-;y Table

,--p!ýation
Job-Lot " irst lecoril Third Yourth vifth ,ixth 'Seventh' '9gthl

A 20 17 • 6 3

B 6"
12! .< *C 12 I 6 '

D 5•

2 2 20 115 . 2

20 1 __
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lantt Chart - 'irst Iteration

(AOU - 3)4 percent

M~achine n, r-0 -i 25 ___
___ 4 11_______ ___

1 "i' : '/ F •/ K // '"
A P

2 A E/1K/, C B ' '______

3 -7 D A V '

F C B A7 ''; I, :7,//

, . /. N 1 ,,i / . .I '/ ., , , .. . , .
J E 7

i *.a - sahe--' - ~g Cro the first .,, U identical

with the initial schedui-e. It is clear that further iterations Using the Saae

method would not result !Ln any change In the resulting scheadAA. The overall ti~e

re- -- d fX-r proeessiyig the job-lots in the sce l._e gwive ir the Produnctitju mndboo-

is - me units. r.ie priority function so:luatioi , &T.: requLres but 28 wits. Thu&.

the macline ,,tilization is increased considerably in this case by emplopnint of the

-rirwity7 fm.ction Method.

A nm-ber of slight modifications of the exact iterative m oradur.e hi bas

been described here. were employed oan this problem. The modifications were of tro

typest

1. Slight variations in the priority fimetior.

2. Canwges in the way the delay infomiti•a was used for iteration.

In ai. the cases traed, the resulting schedules were of overall length either

27 or 29 units. Thus, from these reemlts nothing is indicated regarding thm

desirabil-tty of such modifications.

It is of interest to mention another method which was weployed for t1As problem.

We reca•l. that ve limited ourselves earlier to the set of available jobs at a mactdne

when malvLng job-lot assignments. However. ,ir this small problen we tried a rrthod

for considering jobs not yet at the machine. When making a job-lot assignment. we

considered the basic priority (from the priority table) for the available jolýlots.

and the priorities of job-lots not currently available but alrehdy assigned to their

units until t he job-lot was scheduled to arrive. When a machine completed one job,



both available and ron-available job-lots ware compared aiud the .,'b with =i4lsst

adjuted priority was assigned next (possibly resulting in machine idle time).

"he initial computation and the first ittration for this extended method gave

the same schedule, presented below fow ccmparison with the previous results.

ftr Chrat - Wuf-AVtl-bIlay V op

(AMU - 38 percent)

Machine 0 5 A ±?0?

1 I,. '/ I A I AI///,j P C /'!/ 1/;' ,

2 I / I • X /, I A B'/ ,

, i A
5f/ I 77, D I/ 1 / //

The over-all processing time is 25 time nuits, a considerable improvement oPer

the 28 time units required from the availallitv priority fmnction schedule. This
example indicates that a Fiority function &sthod which takes non-available job-lots

into account may be desirable. Further stair and exwtriaentaticn = -•!mnle ¶7nthe-

t.c examples is necessary in orter to gain 30omlu,'Ave erC'.•nce regarding sich mtthods.

St_•amrLk-oblem 1. Priority-functinýi methods considerably improved the schedule

given in the Production oancOok. Slight modifications in the priority fuwctiuns

used h~d little or no effe•.; (which is at least partly due to the mall size of the

problem)& but a substantial further improvement resulted from considering non-

available jobs. The two priority function methods gave AMU's of 3h and 35 percent.

while the Gantt chart in the Production R#;idbook indicated an AYU of only 21 percent.
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Problem 2. Machine Utilization.

This problem was formulated by constructing a Gantt chart for which all machine

tool are fully assigned for a given pe period.

Mhe Job-lot data table and an optiawm machine utilization secedule for the

problem are given below:

Job-Lot Data Table

Job-Lot IStandard Operation Times Routin~g
1 624 10 319 1h 2 53
2 11.28 20 152ia

3 6 2 1 3 2135

S61 3 3 5 615212
5 2 716 211 51b32

6 1811 2 3 312

7 1 121-29 1 6115
S3 4 3 36 0 6 h 132

9 41l 7 6

10 9 h122T 5 6 15h 2
U 512 2 6 1 4651

12 315 6 2 4 16 2
13 18 ,0 61

42 $12 7 321
15 18 4 b5
16 22724 h,56
17 6 1 12 56
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Cantt Chart - Iptimum Machine Utilization

time -•

Machine 5 10 15 20 ?5 30
4- - A-- -...1 1 ,2 _____ -

2 i- 3  t, _.... .. 9

hi i16I 12 ! 11 17 I 1

5 16 1 . .f

Z--S [Li-1• --• ...... • ...... ___-_ ,

3 6I ,~8

2~7 ! 2
- -- 1
3 i_ • ___ ___ __

_...__.... .__" __ 1 24 5____ o_

1 12 __1

6 - __ 173

15 10-

o _ _ 10 1l5  1 1

6 1- ±o

-- ~~17 ___

Obviously the machine utilization cannot be improved. There may be other

proces.niig saqy-ricz that -- c as good as the one above, but none could be better.

A nunber of priority functions were tried on this job-lot data, as a machine

utilization problem. It would not be justified to draw conclusions from this one

problem regarding the reiative merits of alternate r-iority functions. The machine

utilization for the inditial schedule varied between 91 percent and 100 percent. for
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the methods tried. The bant results were oLtained by starting with estimat-.e, equal

delays at each moachine (inscead of initial assumptions ;? " 0 1 , ,urh that the

sum of the estimated delays for each job wav equal to the job-lot slacv. (,slnv as

"due-date". a convenient valu,. for all, job-lots). A fixed ,riorit- systme. based

u~r~n the to+-a --. €-n. '-- -. .A , tbe jJu-loia, was anvi.e. to -ne prob-le" in order

to simulate a conventional rule for scheJuling by priorities. The best and warst

results in the initial schedule for the priority function sethods tzed and the fixed

Priority number results were are followst

_ixed Priority Vhnber Based on Total Proceessin Tim - .MVU 81 percent

Prior-fty Pufnction Method - Mo Initial Delay 19stiates - * 91

Priority Pimction Method - Thitial lelay Vstimte - 0 100 W

Problem 3. Due Date Satisfaction.

In order to transf:orm the machine rtilizatiAn version of Problem 2 into a due-

date probleu. the actual completion time of each job-let from the orlii.3l Oawtt

chart was used as the job-lot due date. Thus. the due-dates can ba satisfied; but

it seems reasonable that such satisfaction will not be easy. In the due date wer'cr

of this problem* the same type of camputattios were used as in the machine utiliza-

tion problem. The table below outlines the resulte that were obt'ined in the initial

schedules. The ANU, which may still be of intere--t is inzcl•ded.

Results of Initial 0 eheduiee

Total Tar-•inessi H•aivu Am VUScheduling Method All- Job-Lots Tar&diness 1ercentt

Fixed Priority Number qyst -

Priority - Due Dates 212 6d 67

Fixed Priority Number Syptem -
Priority - Job-Lot slack at

first operation 203 17

Priority Fumct,)n Method -

No initial delay estimates U 13 9r

Priority nmction Method -
Initaal delay estimates 29 - 16 96



In a itlor= t', the developr"nt of. It5a schelilef- -inr tte "r-io- ; Lxed

priority number and priority function Pý'cths, a nas!- of computations "ver-zme

in order to compare various rethods for iteration. The res'ades of t+-s "3or'• do not

justify final conclusions, but t.sy serve to ifricate certain 'oWVlities w.sh

should be the sublect for furt),w vtoxy on plarinW eawales. Thf.s is dis',n!>sdt

further in 3ection 5.

Modifications of Priority Funrtions.,

The r-oblen of determinirn a particular priority fuiction test arited to avoi-

cations requires much more research. The particuular priority function vdchl woul-

be best for a given proble Tay deperA -apon z-.th faata-es of te .r;,•3t ss t.*

number of joblots. numbe- of uwchines, Job-lot p-rocesasing tzines. machint loaes.

technological orderings, due-dates, etc. In any event the valw of a szec.ific

i, -od will be letermuied by the results which the method wifll 7-dl =d - •_s

cost. The cost factor makes it rez.-onable to conduct rxitizl research or. rath.1r

eimple priority functions. to study the relative -erits of simnle vet!Ind, on syntihwet

problems, and to obtain time and cost estimates for the comntations rercired if these

methods are to be applied in practice.

As examples of modified priority functions uh•ich migt be the sub5ftl for

experimentation on other synthetic problems, -we sgest the folloing:
(1) 'in "D1 - •4

J-s - ,

This form differs from the one previously described in that the iweiate

operation time 0. does not avrear in the fumction. This swruest~on is

based on another simplified deriva*ion of a lopcal criterior for mirdmi-

zing "direct effects" of assigm-.Ents.

(2A)

-he' ar L-t=5 Vefzzr 2 hi~ is r t
I~tiS L Ta:.@4.. .-... z.aifco

*r • hich is e=r.t to reflec.t the s_,-t~er of o oeru+iv. *-o te dcs.e as 'tell



as :-h,- ~ affs~C±A,-e ita,-imes. The Yt~ mte t4!

1.ain -ar erare del~ay factor'" -m .fr sads a eToc-I~

I 74*ta]L ?racessýW Tine or. i~.c-aim L
2 F in-e 2-- Itb-!-Tct umbni Xa*Ii A . -nl e

1, J Sm f n 'ir far su immquent 3verxt~ims

ý3) 1,i A ~- ~t 2fer &qt,. 2 tilme =i:- jb

- ~nawliab-e

"This f~w- vouIA be used to campa jobs at or a ~~~~the imtb-me. '

tbere 'As if-eeCe tha2t omb a madifiScatirui miar I- ta sLgr&*icwmtI7 5Imoed

results. -;.t sems reasamable fl1rst tc -traifct nume st e fin avxi~abLt~i

Methods.

?~d~fiatihtof Iterat- rý-3edure.

",-w iLtez-atim prooedmwe inrlmfts: 13 the ift-tial deiwa estimtmes; 2) the

umastwavent of delays trwv the consta-wted scmules; mid 3) the am vf th delar

information at am steF to adjust the awinri~ef f~x the sumdrt ster. "n

metbnd described Iin this pae -asixted 2i ssmd.* ser delay, to cnnb= the

'n'tIa.& scmuz az4 nwasoring zre amotr cf t~im musit ýIvm in~ the !at sý-i*ed~rle

in arde.- to adjuszt the w1roritiev for tbe s~wved!rg itoaat~new.

Among the possible modifications :if tris- iteratto =recuhe' are t~he . s iu

eommaUms D! the following U073 Tr handling and~ T?%.

71 e- may im~tal12 ezr-=a-e the ýe&aý av:

a) 7-ro.

b) Wjuim for each 21prattim~ mt a iob-1.zt; the ass'm 7a-J fe

Rmnber xf orrt1 i5ob-lt

c) 'ma~l f.7r &Ulob -or w m t--!; t~r a z 1L-A.

2 iumbW aff U sing =&-dim

d~A Pa-=!Li'c af beth tý!e Jcb-!-' and the =tchi-ne. zaf--d- tte



(2) The delay information Fay be :reas-ared by:

a) The delays in immediately preceding ,ckeuile.

b) The asrave Jelay in all prece-ding schedules.

c) 7he average in all preceding schedules and the indtial estmate+i

of delays as cr -en in fi).

d) lome weighted average -f the delays in precedin' schedules and

the initial estimates.

The interesting factors in evaluating these or -ther iteration procedures wou1A

be the effect on the r-'-*lting schedules in terms of two se.hefling Voal and the

convergence of the iteration procedure. A number of these iteration Procedures

-cre emp.-1 for eample p-rotlm 2. Tndications were that iteratinP rocedures

involving averages tended to converge in a chowr niinbev of sters t' 2 recurrent

schedule. Other methods did not always converge; rathnr. eonttinnd iteration wielbed

a number of different schedules of approximately equal worth. Auoever. the nan-

converging iteration methods often seemed superior to the convert -t wethrds. We

can only conclude that the comparison of iteration procedures requires furtl%.7

experimentation.

operational Use of Priority Punction Yetho¶--.

In thinking of potential applicat|ons o. 0 , sc!te&kii=r- methodf. it ' s necessary

to realize that the actual day-to-cay shop occurrences such as .achin• •eaa'dmns,

operation 1times, etc.. can never be exactly predicted. It is ' 1e, at best, to

include in the scheduling eotputations da'a which refl.ects r-e rted distributions

of such pa:'ameters (our methods are corcerned ýly wi th exoected values). it is

clear that the best obtainable schedule based or the exriace vales of the uara-

meters may not be best for the actual conditions which occ=r during the processin

in the shop. Hence, it seems reasonable to ap.ly Priority functton metthods in a

sufficiently flexible way to allow for the deviation of actual conditions from

expected conditions. This might be accomplished by comnating a schefule based on

expected operation tinr, exr•ected orders. ex,' t -m'hi-e brw ktirdt- etc. amd

making u? from it a "master priority list* for each machine type. The master

priority list would nrovide the foremen writh a iAde from which- they would devdate

only if actual shop conditicns dictated the need for a deviation 5e.e.. if +be lob

to be processed next according to the master list is rot ayailakle'.

Another Drcmisinz way to send cwpu-ed tata to the shoc would be ir the -fanr

of the priorities thertselves ( teA n she work tickets correF-•o-ryi to each



irtied ,N* lobt tIA frmnan would ;elect th~e hi,ýst. -a -,7 ~ioz amm-a tI2ow

ac-;U amallahle. I~f c31w".. exa lrientation !tý rmat -Sm2' te £-vsl=C -=I

proced'wrex.

Areas for vnrtker Ut.search.

Aý study is being conduzcted by the Hwniu~mmt qciamces qeseah lkr*1eet to ietm-

mdng th~e feaxibility of "sio ezdstUVn eiectaroic comuting equidumi for vviaity

function se-heduix4ng. The purpoess of the study ae to estImate the 4-in &Ai~ vot

which wig&.t be r.'qui.-rd for 1*rlp scale wati~cal scbsdulzmg wablm and to twoyU

tas net~w4 fmr an awa:Vlable imut- wn der to pmfms ezveinwftal v~rt mn larW

M3~ ewis~utracI of probiamt which will give an ef-f~ciut indicatior 3f the

vaime if alternate methods is in itmInf a saajo dlffculty. -Id~s is trw becaus

opit~bm attammabl]* schedule car. ocily be obtained for vter~ specal tvue --e Frwlo--

Uowvems there is the dangm that if Vt-t exeinate are restrict~ed to suc rseciex

problms. then concluuions rtgai-ding the relative merfto of mwvari' vathuIs eaznt

be &Wmidently eztmmled.

Ifl addition1 t- inrestigatIceis regarding' the -mlaritv ?u~ctlan mwttacdology min

assrýdated ecmpmta~ttonal reqviremnts. there ire mmr-umE rsemaai. -mositi~es

cozw~cted vitJh special quest~im mbc may ars in prac"-al situatioms. 'Jrýbm

Qf tLIS typea Lucluie

1. -ýow would pa~rtial tacbeolgicsai mrierings faltmrm~te routL'ms) in viace

of complete m"§r'hrngs affect thon vchacm.lm.~~td

2. Can lot size dateruinatic. be as, cia'.Ei wt9g 't* ' I te~o

j-eC. o can scheduling methvds be der-,sed to considier vwliabl.e 1tot -Ise

posih t Lez? (3ee Managamect Sct-er-:e ýRes earcb '?rect I~eseAs-d lmrt

4co. 203 -xon -;hop ic!obii- An . Ilicatim i f linea vrozramminmol#-.

suom:;3t, a linear rm-egrammwdng arthod fnr lot size 3eteridnaticer tkik
3c-.4!Lie is e ssefltiall vrdeter.-L ud

Scan satistim. ra ziretemrepresenting occurentes suc!n as maim

In--akdaun best be !.-icluded 1-n the scl-'edulinq' nethSer!

L. Wht fact;-rs zetermine how Ica a tinue p-ea sh-idd be oseýu. e at -m



6. Tat other zsmj apti-mizers =ight be used to de.,r4b os.e~ae~

goals in detailed settedu11r4g. b

Th!5. ýtuieffi th-= ars-aa ;ý ;. vpie -oi~*i ~i o1,2
discussion paper may be of use te others with re-earch ~jrerest in ipr-xhwtimn
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